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Abstract

Weatheris oneof the major causef generl aviationaccidentsReseathers are addressingthis problemfrom
various perspectivedncluding improving meteoological forecastingtedhniques,collecting additional weather
dataautomaticallyvia on-boad sensos and"flight" modemsandimproving weatherdatadisseminatiomndpre-
sentation\We appoad theproblemfromtheimprovedpresentatiorperspectiveandproposenveathervisualization
andinteractionmethodgailoredfor geneal aviationpilots. Our systemAviation WeatherData VisualizationEn-
vironment{(AWE), utilizesinformationvisualizationtechniquesa directmanipulationgraphicalinterface anda
speeb-basednterfaceto improve a pilot’s situationalawarenesof relevantweatherdata. The systendesignis

basedon a userstudyandfeedbak frompilots.

1. Introduction

Generalaviation (GA) flight safetyrestson four pillars of
situationalawarenessposition,terrain,traffic, andweather
Lossof weathersituationalawarenesss a maincauseof GA
accidentsand hasbeenattributed as a factorin over 30%
of accidentsand over 15% of fatal accidents?. One pos-
sible causeis that the pilot may not absorband retain all
theweathelinformationhe/shas requiredto review prior to
flight. Becausemoredatais providedthanis applicableto a
givenflight andthedatais presentegoorly; it requireamuch
time andcognitive effort to develop a "big picture"view of
the weather especiallyin an unfamiliar area.In this work,
we focuson providing weatheisituationakwarenesso gen-
eralaviation pilots.

Thereareseveralcomponentsf weathethatapilot needs
to be aware of in orderto maintainweathesrelatedsitua-
tional awarenessThesecomponentsnclude surfacewinds
andwinds aloft, cloud conditions,andvisibility conditions.
Importantclassificationof weatherrelateddataandinfor-
mation on weathertrendsto alert the pilot for impending
dangeror assisthim in path planningor replanningis im-
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portant. Communicationof all this information effectively
sothatthe pilot canassimilateandacton theinformationis
of theutmostimportance.

A numberof researcherfiave addressedhe poor pre-
sentationproblemby developing graphicaldisplaysof avi-
ationweatherfor useprior to flight. However, mostof these
systemsaretailoredfor useby commercialairline pilots ©.
The concernsof commercialairline pilots aredifferentand
have beendiscussedby usin our earlierwork . Our system
AWE (Aviation WeatherData VisualizationErnvironment)
focuseson providing weatherdatatailoredto the needsof
generalaviation pilots using visual displays®. In particu-
lar, AWE focuseon graphicaldisplaysof threeweatherele-
mentsnamely meteorologicabbserations(METARS), ter-
minal areaforecasty TAFs), andwinds aloft forecastsand
mapsthem onto a cartographicagrid specificto the pilot’s
areaof interest.

AWE was evaluatedby pilots at NASA Ames Research
Centey California, and found to be useful®. However, the
pilots alsogave a numberof suggestiongor impraving the
systemln this work, we describea few importantimprove-
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mentsover our previous work. First, we describethe en-
hancement# informationdisplaysthat provide muchim-

proved situationalawarenessSecond,we presenta com-
pletely new speechprocessindunctionalitythatwill reduce
head-dwn time for the pilots significantly

Section2 presentsa brief backgroundfollowed by our
previous work on AWE in Section3. Section4 describes
the new informationdisplaysthat incorporatepilots’ feed-
backonincludingweathettrendinformation,anddisplayof
multiple forecastelementsor multiple winds aloft. Section
5 presentspeech-baseidteractionswithin AWE. We con-
cludewith ourfutureplans.

2. Background

Significantadvanceshave beenmadein the last decaden

bothweathefforecastingandweathewisualizationfor ava-
riety of audiencesncluding scientists forecastersand the
generalpublic 3. ProfessionallV productionsystemssuch
astheTriVis systen®, interactve 3D weathervisualization
systemsuchasVISUAL operatingn the GermarMeteoro-
logical Office (DWD) in collaboratiorwith FraunhofetGD,

andpersonalizedeatheron-Demandoroductsthroughthe
internet are available. Augmentedreality weathervisual-
ization systemsare also being developed.Numerousavia-
tion weathervisualizationefforts are underway including
thoseatthe FederalAviation Administration(FAA), theNa-
tional Oceanicand AtmosphericAdministration (NOAA),

the Naval Research.ab, Rockwell ScienceCenter Honey-

well InternationalWSI CorporationBFGoodrichMIT Lin-

coln Lab, EchoFlight, andJeppesemc.

In spiteof all this progresshowever, like otheraudiences,
pilotsarerequestindailoredvisualizatiortoolsfor theirspe-
cific needs.In particular existing and developing weather
forecastingand visualizationtechnologyneedsto be har
nessedappropriatelyfor the benefitof pilots. The goal, as
outlinedby Stoughthemanageof NASA saviationweather
informationsystem(AWIN) project,is to provide "weather
informationrelative to the pilot’s flight path,presentt to the
pilot in the cockpitin aneasy-to-interpregraphicalformat,
andgive him decision-makingidsto help him usethatin-
formation..." 4.

The Aviation Digital Data Service(ADDS) system!3, a
joint effort of NOAA, the NationalCenterfor Atmospheric
ResearcHNCAR), and the Aviation WeatherCenter per
hapscomesclosesto fulfilling the AWIN goal. Initially re-
leasedin 1997,it providesunoficial graphicaldisplaysof
a variety of aviation weatherbriefing report elementsand
allows pilots to zoomin to get more specificinformation
aboutan areaof interest.Althoughit presents greatvari-
ety of weathemgraphics so-callederminalareaforecastgto
be describedaterin Section3) aredisplayedonly textually
without ary filtering. It alsodoesnot relatethe datato the
pilot’s plannedpathor schedule.

Themostimportantofficial sourceof aviationweatherre-
portsfor generabviation pilotsin the United Statess Direct
UserAccessTerminals(DUATS) 12. However, mostof these
briefingsaretextual or verbal.In particular DUATs doesnot
providevisualizationof threeof themostimportantelements
of aweathembriefing:airport-specificurrentweathembser
vations (meteorologicabbserations,or METARS), termi-
nal areaforecastg TAFs), andwindsaloft forecastsA more
thoroughdescriptionof relatedsystemsncludingdetailson
the DUATSs systemandthe datait providescanbefoundin
our previouswork °.

3. AWE: Aviation Weather Data Visualization
Environment

We now presentanoverview of our previouswork on AWE
(Aviation WeatherData VisualizationEnvironment)®. We
alsoprovide detailson somespecificdisplaysin orderto ex-
plainseveralimprovementsve have incorporatedn AWE to
increasdhesituationalawarenessf pilots.

In AWE, we have designedand testedthreevisual dis-
playsfor communicatingcurrentandforecastconditionsat
airportsincluding clouds,visibility, andsurfacewinds, and
onedisplayfor communicatingvindsaloft forecastsA pilot
canuseagraphicaluserinterfaceto interactwith theweather
dataandplanhisflights quickly andeasily

VFR charts as Display Background: Theweatherdata
is overlayedon a VFR (Visual Flight Rules)sectionalaero-
nauticalchart,asshavn in Figurel. Thechartshavs thelo-
cationof airports(magentaor bluecirclesor shortlinesthat
mimic the runway layout), airways ("highways" in the sky
shavn aslight blue straightlines), navigation aids (mostly
depictedby a compassrose), controlled and special use
airspaceobstructionsnaturalterrainfeaturegsuchaswater
andhills, depictedusingcolorcodedaltitudes) demographic
featureg(suchascities, depictedin yellow), andmaximum
elevation in eacharea(depictedwith numberswith super
scripts).Although the backgroundmay look clutteredand
comple, thechartbackgroundexturegivespilotsafamiliar
ervironmentwith which to interactand providesthemwith
additionalinformationfor makingtheir"go/no-go"decision.
For example windsaloft speed®f 40 knotsaremuchmore
problematidf youwill beflying 2000feetabose mountains
thanif you'll beflying 2000feetover flat terrain.Overlay-
ing theweatheonthechartconsolidatesveathemandterrain
situationalawarenessallowing the pilot to make a decision
by looking only at onesource Displayingweatherinforma-
tion next to the airportit appliesto improvesa pilot’s abil-
ity to perceve the big picture, especiallyin an unfamiliar
areawherehe otherwiseneedsto look at a chartto deter
mine whereeachairportis locatedandhow it relatesto his
flight path.Displayingsurfacewind informationneartheair-
portalsoimprovesthe pilot’s ability to visually determinea
landing runway and determinethe amountof crosswindto
expect. It providesinformation, while still away from the
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airport, that is commensuratevith the information he re-
ceives from the airport wind sock. We decidedon usinga
VFR Sectionalchart as the backgroundafter considering
severalalternatvesasdescribedn our previouswork °. The
useof VFR aeronauticathartdrev unanimousenthusiastic
responsdrom the pilots.

Input: AWE beginswith an official briefingdownloaded
from DUATSs and extractscurrentairport conditionreports,
airportforecastreports,andwinds aloft forecastreports.A
DUATSs currentairportconditionsreport,shawvn in Figure2,
provides data about surface wind velocity, cloud altitude
and coverageamount,visibility andobstructiongo visibil-
ity, temperaturedew point,andbarometrigpressuresetting.
A DUATSs airport forecastreport (terminal areaforecast),
shavn in Figure3, providespredictionsaboutsurfacewind
velocity, cloud altitudeand coverageamount,andvisibility
andobstructiongo visibility.

KSQL 1816462 18014KT 85M  NO FEWD12 SCTOS0 BKNOSO 11708 A3022

KSFO 1816562 24003KT 105M MO FEWD12 BKNOBOD 11708 A3022

KP&O 1816462 0000SKT 105M  NO FEWO1S SCTOS0 11/08 43021

KSIC 1816532 00000KT 95M  NO FEW180 09/07 43021

KRHY 1816532 01000KT 105M WO FEWD1S5 SCT100 10707 A3022

KHWD 1816547 0400BKT 105M MO SCTOS0 OVMC100 11707 A3021

KO&K 1816532 07007KT 105M  NO FEWO20 SCTO40 OVCO?O 11/08 A3023

KLYK 1816532 00000KT 55M  HZ CLR 03/06 A3021

KCCR 1816532 05004KT 105M MO FEWD3S OWCOBOD 11/08 A3023

KAPC 1816592 03007KT 205M  NO FEWO30 SCTOS0 11/08 A3023

KSCK 1816562 27006KT 15M  NO OWCOO1 07707 43021

KSAC 1816562 33004KT 0.255M FG OVCOO1 07707 A3022

KMOD 1816502 0B003KT 55M  EBR FEWD15S SCTOS0 04/04 A3021

KMRY 1816542 0S016KT 35M  RA BKNO20 OVCO40 16/04 A3014

KSNS 1816532 11022KT BSM  SH SCT020 BKNO3S 14/07 A3016

KWYI 1816532 11012KT 95M  BR FEWO30 BKNOGO 16/07 A3016

KVCB 1816532 35007kT 105M  NO CLR 15/07 #3019

KSTS 1816532 00000KT 45M  HZ SCTO12 BKNO2S 14/06 43019

KMCE 1816532 00000KT 75M HZ CLR 12708 A3019
Figure 2: Samplecurrentairport conditionsfile. Ead line
representsa report for a specificairport, specifiedby the
airport identifier (first element) It also specifieghetime of
observationwind directionand wind speedyisibility, visi-
bility restrictions,cloud layers (with coverage amountand

altitude),tempeature, dew point,andbarometricpressue.

Visual Displays. We naw describethethreevisualization
formatsusedin AWE. All threedisplaysusethe common
fields listed in the previous paragraphthe textual format
addsa few additional,uniquefields. For easeof interpre-
tation,we choseto usesimilardisplaymethodgor bothcur-
rentandforecastconditions.

SymbolicMsual Display: The symbolicformatis shavn
in Figurel. Thetoprectangleof thesymboldepictswind ve-
locity. Wind directionis shavn by thedirectionof thearraw,
while wind speedis shawvn by the thicknessof the arrow.
This methodallows a pilot to quickly glanceat the display
andvisually detectstrongwinds. The borderof the rectan-
gleis alsocolor-coded(redfor very strongwinds,yellow for
somevhatstrongwinds, andblackfor reasonablevinds)to
furtherenhancehe pilot’s ability to quickly determinawind
conditions.

Themiddlerectangledepictscloudinformation.Therect-
angle representaltitudesfrom 0O feet (at the bottom) to

submittedto EUROGRAPHICS2002.

KSFO 1817302 181818 03007KT PESM FEWO10 SCTOS0;
BECMG 2223 28010KT PBSM SCT100 SCT200:
FMO300 30005KT PESM SCTOS0 BKW100 BRW200;
BECMG 0708 OF0O0SKT PESM SCT200;

BSIC 1817302 181818 00003KT PESM SCT200;
BECMG 2223 32017KT PBSM FEWOS0 SCT200;
FMO300 32008KT PESM 5CTOS0;

FMOBOO 00003KT PESM SCTO40 BKMOEO;
FMO300 18020KT 35M BR BRNOZ0 OVCOE0;
FM1E600 00003KT PESM 5CT200;

BOAK 1817302 181818 07007KT PESM SCT200;
BECMG 2223 28007KT PBSM BKN100 OVC200;
FMO300 31005KT PESM SCT100 OWC200 ;
BECMG 0708 06005KT PESM SCT200:

BSCK 1817352 181818 30006KT PESM SKC;
BECMG 0102 00003KT PESM SKC:
FMO200 00000KT 35M BR SKC ;
FM1000 00000KT 15M BR SKC ;
TEMPO 1015 0.235M FG WW002;
FM1E00 00003KT 35M BR SKC ;

Figure 3: Sampleaairport forecasffile. A forecastfor anair-
port extendsfromtheairport identifierto thedot ("."). Each
forecastprovidesthetimethe forecastwascreatedfollowed
by the effectivetimesof eat forecastelementEac element
specifiegshewind directionandspeedyisibility andrestric-
tions to visibility, and cloud layers (with coverage amount
andaltitude).

KSFOO11 11 01010 23 & -4
7010 27 7 -23 25 13 -34
24 36 49 24 32 535 25 24 58
R5AC 11 12 0 20 20 1 18 13 -5
192 23 -10 31 35 -24 16 29 -35
24 33 49 24 31 55 26 20 58

Figure 4. Samplewinds aloft file. The airport identifier is
followedby groupsof three elementswind direction,wind
speedandtempeature. Thesegroupsof threeare available
for prespecifiedltitudesfrom 3000feetto 39000at various
increments.

12,000feet (atthetop, below thewind rectangle)Thisrect-
angleis thenfilled with sub-rectangleso representloud
altitude and coverageamount. The FAA has definedfive
rangesfor cloud coverage:the sky can be reportedto be
clear, mayhave few clouds(FEW = lessthan1/8 of the sky
is covered),scatteed clouds(SCT= betweeril/8 and3/8 of
thesky hasclouds),brokenclouds(BKN = 4/8to 7/8 of the
sky), or becompletelyovercast(OVC = 8/8 of thesky). The
FAA also providesa list of standardcontractionsor visi-
bility obscurationsOurexamplesarenotfor comprehense
coverage but ratherfor generaunderstandingsonotall op-
tions are described Using information visualizationmeth-
odspromotedby Tufte 12 11 andBertin 1, we mapthesefive
rangego five graylevels:white for clearskies;progressiely
darlker grayfor few, scatteredandbroken clouds;andblack
for an overcastsky. Cloud coverageand altitude are mea-
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Figure 1: Currentcloud,visibility andwindsconditionsshownusingthe symbolicand textual formats.Thebadkgroundimage

is anaemnauticalchart for the SanFranciscoBayArea.

suredby ground-basethstrumentdocatedattheairportand
canbereportedaslayers.Thatis, cloudinformationmaybe
reportedasfew @ 1200ft, sct @ 3000ft, ovc @ 12,000ft.
Hence cloudcoverageis depictedby layeringappropriately
coloredsub-rectangleat a vertical position determinecdby
alinearmappingfrom 0 to 12,000feet. Similar to the wind
rectangle the cloud rectangleis color-codedto easeinter-
pretation.The color-codingtakesthe cloud layersinto con-
siderationaswell astheinformationdisplayedastext in the
bottomrectanglevisibility distanceandary obstructiongo
visibility, suchasfog, haze or smole. Theborderis colored
blackif thecloudsandvisibility allow apilot to fly undervi-
sualrules(lowestbroken or overcastcloudlayer, or ceiling,
atanaltitudegreateithan3000ft andvisibility betterthan5
miles),yellow if theceiling or visibility is mamginal (ceiling
greaterthan1000ft but lessthan3000ft; andvisibility be-
tween3 and5 miles),or redif theceiling or visibility is low
enoughto requireflight usinginstrumenflight rules(ceiling
lessthan1000ft; visibility lessthan3 miles).

Both currentand forecastairport conditionscan be dis-
playedusingthesesymbols.They provide mostdataneeded
to planflights. Otherdataavailablein currentconditionre-
portsis notusuallynecessarut is sometimesiseful.

Textual Display with Color-Coded Borders: If a pilot
wantsto view the abore mentioneddatatextually or if he
wantsto seeprecisenumbersor the otherelementshecan
askfor a textual presentationas shavn in Figure 1. This
formatshaws all the elementgprovided. The text rectangle
is color-codedusingthe samecodingwe usedfor themiddle
rectangleof the symbolicdisplay Thatis, it representshe
visibility and cloud coveragecombinationand can be red,
yellow, or black.

Triangular Iconic Display: The last format a pilot can
requestis the iconic format which provides an overvien
of wind, visibility, cloud altitude,and cloud coveragedata.
In the currentconditionsicon, the temperature dew point
spreadthatis, temperatureninusdew point; usefulfor de-
tecting possiblefog formation) is also shawn. It displays
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theseelementsausingfour sub-trianglesarrangednto a sin-
gletriangle,asshavn in Figure5. Eachsub-triangles color-
codedusing the colors white for good conditions,yellow
for mamginal conditions,andred for adwerseconditions,as
definedfor the symbolicformatabore. Becausehe airport
forecastreportsdo not provide temperatur@r dew pointin-
formation,the centersub-trianglas coloredgray whendis-
playingforecasdata.Theiconicdisplayis usefulin provid-
ing avery quick overview of conditions A pilot canquickly
getthebig pictureof the weathersituation.For example,if
the bottomsectionof thetrianglesis redin awide areathe
pilot can quickly understandhat thereis widespreadow
fog. Ontheotherhand,if ageographiareashaws all white
triangles,he caneasilyseethatat leastthe elementshavn
graphicallyareconducie to flying.

Winds Aloft Display: Finally becausethey are comple-
mentaryto currentand forecastairport condition reports,
we alsoprovide windsaloft forecastgraphically Thewinds
aloftforecastseport,shavn in Figure4, providesdataabout
the wind velocity and temperatureat predefinedaltitudes,
generallyspeakingangingfrom 3000ft to 39,000ft in in-
crementsof 3000ft. We found that pilots preferreda very
simple representation onethat doesnot requiremuchin-
terpretationThus,we displaythe winds aloft for a selected
altitudeasadirectionalarrov, asshavn in Figure5. Thedi-
rectionof thearrow specifieghe directionthewind is com-
ing from. Thewind speeds shavn textually on the arrow.
The pilot selectsan altitude using a slider provided on the
graphicaluserinterface. As the pilot dragsthe slider, the
wind arrovs changeto reflectwinds at the selectedaltitude
usinginterpolationto computewinds at altitudesnot given
in thewindsaloft forecasteport.This helpsthepilot choose
an appropriatecruising altitude and appropriateflight path
withouthaving to performary computation.

All of the above formatscan be displayedfor an entire
areaor just alonga pilot-selectedoute of flight. For winds
aloft displayedalong a route, we usedistance-baseihter
polationof the two closestwind reportingsitesto compute
winds at selectedocations.Similarly, if currentconditions
or forecastsare requestedor airportsthat do not provide
reportsthenearestvailablereportsaredisplayedThis pro-
videsthe pilot an estimateof whatthe weathemay be like
athis selecteaiirports.

We conducteda user study to test the usability of the
above formats.Throughintervievs anda questionnaireye
determinedhat pilots preferredour graphicalformatsover
sevenformatsfrom four competitve systemsThestudyalso
revealedareador furtherimprovement.n the next two sec-
tions,we discusssomeof the mostimportantfeedbackrom
theuserstudy

4. Information Displays

The focusof this work is to provide additionalinformation
displaysto generabviation pilotsto bettermaintainweather
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Figure 5: Current weather conditions shown using the
iconic format.Winds at a pilot-selectedltitude shownwith
acyanarrow.

situationalawarenessThe functionality provided by these
additionaldisplayswere suggestedy pilots, asmentioned
before,in auserstudy They requestedhreeadditionalfunc-
tions:displayof trendinformationfor aselectedhirport,dis-
play of multiple forecaselementdor a selectedirport,and
display of multiple altitude winds aloft forecastsThe fol-
lowing subsectionslescribehesenew displays.

4.1. Trend Information Display

In ouroriginalimplementatiorof AWE, we provideda sym-
bolic representatiorof METAR/TAF display as shavn in

Figure 1 anddiscusseckarlierin Section3. In the original

version AWE displaysonly themostrecentreportof winds,
clouds, and visibility conditions.The user study revealed
thatthe pilots wantedthe ability to look backat previousre-
portsaswell. An importantfeedbackrom the pilots wasto

provide adisplayof weathetrendsbhasedn predictionsAn

importantrelatedquestionis how do we determinewhether
thesepredictionsareaccurateor not.

In orderto addresghis feedbackwe presentwo layers
of weathertrend display On the top layer, we display the
forecastapplicableattimet - 2, t - 1, t, andt + 1 usingthe
symbolicrepresentatioasshavnin Figure6. Onthebottom
layer, theactualconditionsattimet - 2, t - 1, andt areshavn
symbolicallyandalignedwith the sametime stampsof the
toplayerasshavn in Figure6. Thebottomlayerof informa-
tion associateavith a givenairportprovidesa pilot with in-
formationonhow theweathemactuallychangedWhencom-
paredwith the forecasffor thattime periodonthetop layer,
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the pilot candecidewhetherthe currentconditionsin wind,

cloud, or visibility displayedin the bottomlayer supportor

refutepredictionsshavn in thetop layer Although statisti-
cal andartificial intelligencebasedapproachesanbe used
to derive statisticalmeasure®f uncertaintyof predictions,
most pilots are more comfortableand trusting of raw data
ratherthaninterpretationsf theraw databy algorithmsthey

do notunderstandlt is alsovery easyfor apilot to perform
avisual patterncomparisonHowever, if algorithmsarede-
signedto derive uncertaintieshatgainthetrustof thepilots,

suchmeasuregan easily be displayedwithin AWE either
augmentingr replacingthe suggestedisplays.

By studyingFigure6, apilot canseethediscrepanciebe-
tweenthe actualreadingsandthe predictions.Obsenre that
thesurfacewindsarepredictedo becalmconsistentlywhile
the actualreadingsconsistentiyhave a wind in the easterly
directionwith stablespeedFor visibility conditionsthepre-
dictionsarethatthe fog (andassociatedow visibility) will
dissipateafter14:00andthevisibility will improveto 1 mile
(from 0.25mile). Obsere thatin actuality the visibility is
improving more quickly than forecastand is alreadyat 3
miles. Thecloudsarealsolifting sotheforecastor ceilings
above 12,000ft (shavn by thewhite rectanglejs plausible.

Althoughherewe have discussedhetrendinformationto
be displayedusing symbolic representatioronly, we have
implementedthe weathertrend display using other visual
methodssuchasthetriangulariconicdisplaysdiscusse@ar
lier in Section3.

Therearecertainlyotherdisplaypossibilitiesfor weather
trend information such as the direct graphicaldisplaysof
the three elementsusing both actualand predictedcondi-
tions. While sucha display may be more usefulfor longer
time periodsbecauseéhey mayoccuyy lessscreerarea,we
preferredto build ontheoriginal displaysdesignedn AWE
becausef two reasonsFirst, the trenddisplayis an exten-
sion of the static one time display and therefore,doesnot
causeary additionalcognitive workload. Second continu-
ousgraph-basedisplaysseemto be lesssuitablefor pick-
ing out exactly wherein time the pilot is in comparisorto
the discretedisplaysthat we have designed Certainly we
needto conductanothemuserstudyto determinghe efficacy
of thenew informationdisplayspresentedh this work.

4.2. Multiple Forecast Element Display

In the original implementation AWE automaticallyselects
the appropriatdforecastfor the destinatiorairportbasedon
thepilot’s estimatedime of arrival, ETA. However, theuser
studyrevealedthat pilots alsowantedthe ability to seethe
forecasfor nearbytimesto betterdeterminenow certainthe
forecasis for their ETA. Thatis, if theweathetis predicted
to change30 minutesaftertheir ETA, it maybe prudentfor
the pilot to have a backupplanin casethe changeoccurs

— ! "'-d-" ;_.-.d- ‘. : "'-.!--'.' K= ;l"l& 1'“-;:.;-;7-:;
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Figure 6: Display of trendinformationfor an airport. The
top layer displaysthe winds, cloud, and visibility as pre-
dicted;the bottomlayer displaysthe winds,cloud,andVvisi-
bility as measued. Correlation or discrepancybetweerthe
two layers allows pilots to determinehow reliable predic-
tionsarelikelyto be

earlier Similarly if they are planningto arrive 20 minutes
afterthefog is forecasto clear;they maywantto planfor
analternatedestinatiorif thefog doesnotclearonschedule.

We have incorporatedhis suggestiorso that AWE now
hasthe capability to display the predictedweatherfor all
timeperiodsprovidedby the DUAT sreportfor pilot-selected
airports. Ratherthan having AWE selectthe appropriate
forecasfor theestimatearrival time, AWE cannow display
the entire seriesof forecastelementsWe referto this dis-
play asmultiple forecastelementisplay AWE canuseary
oneof thethreevisualizationmethods- textual displaywith
color-codedbordersoverview triangularvisual displays,or
symbolicvisual displays— to visualizemultiple forecastsat
several airportssimultaneouslyFigure 7 shavs an example
of atriangularoverview displayfor threeairportssimulta-
neously The fourth airport shavn with a singletriangleis
onethepilot hasnotrequestecdditionalinformationabout.
Hence,only the elementapplicableto the AWE-computed
arrival timeis shavn.

Fromthis display thepilot canseethat,althoughthereare
four elementgyivenin the TAF for oneof his selectedair-
ports (Oaklandinternational Jeft side of theimage,shavn
with 4 triangles),t will have acceptablsurfacewinds, visi-
bility, and cloud conditionsduring all periods.In contrast,
he can very quickly seethat for SanJoseairport (shavn
on the bottom of the image,with 6 elements)the winds
will be moderateduring oneforecastduration,improve for
a time, andthen deterioratealong with poor visibility and
loweredcloud ceiling. If the single elementdisplayfor his
ETA shoved only a white triangle, he may not be able to
develop a realistic big picture of the expectedconditions
nearbyhis ETA. Notethatall elementgor the 24 hourfore-
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castperiodprovided by DUATs areshavn. Thepilot is un-
ableto determinavhena changeoccurs.To getsuchdetails,
heneeddo referencehe symbolicor textual formats.Using
the overview display he canonly determineif a changeis
forecast.

Figure7: Overviav of weatherforecastdor all periodspro-
videdby DUATSs at three airports usingthe triangular dis-
play. Ratherthan showingjust the forecastelementappli-
cable to the AWE-computedestimatedtime of arrival (as
shownfor the left-mostairport), it showsall the elements
associatedvith a particular airport, asprovidedby DUATSs.
Thiskind of displayis likely to beusefulto thegenerl avia-
tion pilot to get a quidk overview of forecastconditions.

If achangés forecastthepilot canaskfor additionalde-
tails to determinehowit may affect his flight. He can mix-
and-matchdifferentkinds of displaysto extractjust thein-
formationheis interestedn. For example,Figure8 shavs a
singleforecaselementselectedy AWE asapplicableatthe
flight' SETA, similarto thedisplayof Figurel, togethemwith
all weatheipredictiongor 3 airportssimultaneouslyoneus-
ing the textual format to get all the details,and the other
two usingthe symbolicvisual representatioriThe pilot can
now seethat Oaklandairport hasfour elementgthe white
trianglesshavn in Figure 7) becausethe wind conditions
areforecasto vary significantly He canalsoseethatthede-
creasedisibilities attheupperright airport(SCK, Stockton)
aredueto mist ("BR") andfog ("FG") andwill be afactor
from 8:00Zulu to 17:00Zulu asfog andlow cloudsdevelop
andthendissipatefrom California’s CentralValley. He can
also seethat the conditionsat SanJoseairport (bottom of
theimage)arecausedy afront moving through,with asso-
ciateddecreasingeilings.

4.3. Multiple Altitude Winds Aloft Display

AWE allows thepilot to evaluatepotentialcruisingaltitudes
interactively by displayingwinds aloft velocitiesonly one
at a time ashe manipulateghe altitude selectorslider The
userstudyrevealedthatpilots wantedto seeforecastgor all
windsaloft altitudessimultaneouslyo formulatea betterbig
picture.To formulatethe samepicturewithoutthis function-
ality, the pilot needsto watchmultiple arronvs ashe moves
the sliderandremembeminds for previous altitudes.With
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Figure 8: Overviev of weatherforecastsat two airports
using the symbolicformat and one using the textual for-

mat. Thedisplayfor SFO airport showsonly the AWE se-
lectedelementapplicableat the pilot's ETA. The two air-

ports displayingsymbolictrendinformationshowfog fore-
castto develop (upper right airport) and a front moving
through (lower centerairport) with associateddeceasing
visibilitiesandceilings.Thetextual trendinformationshows
thatalthoughconditionsat OAK will begoodthroughouthe
forecastperiod, the surfacewindswill be changingsignifi-
cantly Thiskind of displayis likely to beusefulto thegeneal

aviationpilot in pathre-planningto decidewhetherto land

atanalternateairport or expediteor delaytheflight arrival

time

simultaneouslisplay all theinformationwould be available
concurrentlyto allow for a quick visualevaluation.

AWE now providesmultiple altitudewinds aloft display
DUATswindsaloft reportsprovide forecastgor wind veloc-
ities at 3000,6000, 9000, 12,000,18,000,24,000,30,000,
34,000,and 39,000feet. Aircraft flown by the tamget au-
diencefor AWE rarely fly above 12,000ft. The 18,000ft
forecastprovidesadditionalinformationaboutthe potential
for thunderstormactivity. Thus,we limited the multiple alti-
tudewindsaloft displayto 18,000ft. An examplefor theSan
Franciscairportis shavn in Figure9. Windsaredisplayed
from 3000ft atthe bottomto 18,000ft atthetop. Thewind
directionis displayedusingadirectionalarronv andthewind
speeds displayedastext. Therectangl€for eachaltitudeis
color-codedfor easieretectiornf strongwinds.We chosea
modifiedstop-lightcolor codingschemewith greenfor calm
winds(< 10kts), yellow (< 20kts) for moderatevinds,or-
ange(< 30 kts) for strongerwinds,andred (> 30 kts) for
very strongwinds. The altitude associatedvith eachrect-
angleis not shawvn in orderto decreaselutter. It's always
the samealtitudesandthe altitudesfollow standarddUATs
reportshencethey areeasilyinternalizableby pilots.

5. Speech-based User Interface

The original implementationof AWE hasonly visual ele-
ments.Oneof the mostimportantfeedbacks$rom the pilots
wasto incorporatea speech-basedserinterface.lt is hoped
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Figure 9: Winds aloft forecastshownfor multiple altitudes
simultaneouslyTheindividual altituderectanglesre color-
codedusinga modifiedstop-lightschemeto quickly inform
the pilot of wind conditions.

thatwith this interface,the pilot would not have to dedicate
much eye time and concentratioron interpretingthe tex-
tual data.In aneyes-tusy, hands-bisy ervironmentsuchas
flying an aircraft, a speech-basedserinterfacewill allow
theuseof anadditionalmodalityto interactwith the system

distributing the cognitive overloadbetweerdifferentsenses.

Experimentakvidenceindicatesthatif a useris performing
multiple tasks,performancamprovesif thosetaskscanbe
manageaverindependeninput/outputchannelspr modal-
ities”. Moreover, it is expectedhata speech-basddterface
would allow easieracceswithoutthedisadwantagesassoci-
atedwith WIMP (windows, icons, menus pointing device)
interfacesin mobileapplications.

To malke AWE easierto usein flight, we have now added
a speech-basedserinterface.Speecthasa numberof ad-
vantages.Using speech the pilot can extract information
from AWE without having to devote muchvisual attention
to the task. Speechhaslow panelreal-estataneeds.Small
GA cockpitsdo not allow for muchotherinput-outputpara-
phernaliaSpeechasaninputmodalityis quicker thaneither
typingorwriting. A persorcanspeakseseralhundredvords
perminute,anexcellenttypistcanproduce80-100wpm,and
onecanhandwrite at lessthanhalf the typing rate.Speech
alsohasdisadwantagesL.isteningis slowverthanreadinglt's
alsotemporal serial,"bulky", andmaynotbeprivateenough
in somesituations Also, thetechnologyis still immature.It
worksbestwith easilydistinguishablerocalulariesandlim-
ited grammarsLast,the outputtendsto soundunnaturabind
can be misunderstoodintil you becomeaccustomedo its
accent.

Theadwantage®utweighthedisadwantagesn theGA do-
main for a numberof reasonsFirst, the official language
for aviation is English,evenin mary non-Englishspeaking
countries However, non-Englishspeakrs (pilots, air traffic
controllers andflight servicespecialistsinustlearnenough

Englishto transfemecessarinformation.Secondpilots are

accustomedo specializedvocalulariesandgrammarsBe-

causeof congestedadiocommunications;ornversationsare

oftenterseandfollow astandarghraseologyPilotsarealso

accustomedo communicatiorusinga headsebr handheld
microphone.Finally, pilots are accustomedo the speech
synthesizeraccentbecausesome weatherdatais already
synthesized.

Giventhe adwantagesandlimitations of speechye have
implemented SUI (Speech-basddserinterface)for AWE.
Wedid notimplementa naturallanguageinderstandingys-
tem. Rather we focusedon a specializedvocalulary and
grammarthat generalaviation pilots often use. We used
speechasaninput andoutputmodality The objective is to
provide the pilot with amechanisnto expressneedsandob-
tain servicesrom AWE. We alsochosenot to implementa
dialog tree 5. They areusefulin situationswherethe user
will not get ary pre-usetraining, such as telephonebank
tellers.PilotsusingAWE will getinitial training.Also, dia-
log treesdo not mimic ary communicationsgypically found
in GA andcanbefrustratingto use.Commandandcontrol
interfacesbettermimic otherGA communicationandpilots
shouldfind themmorepleasanto use.

AWE wasimplementedn C++,usesOpenGLandGLUT
for the GUI, andrunsunderLinux. For the SUI, we chose
IBM’s ViaVoice for Linux productsfor speechrecognition
and speechsynthesis.To improve speechrecognitionac-
curag, we designeda grammarthat definedthe directives
thatcanbe issuedto the recognitionengine.The challenge
hereis to designthe grammarso the pilot hassuficient ex-
pressie power to askfor what he needs but the grammar
remainslimited enoughto get good recognitionaccurag.
The grammairis written in the SpeechRecognitionControl
Languagg SRCL),whichis basicallya BNF (Backus-Naur
form) grammaradaptedo speechrecognition.Like a BNF
grammayit hasasetof productionruleswith non-terminals,
terminals,andsomepredefinederminalsthatallow the de-
veloperto specify optional words or repeatedvords. The
AWE grammaris constructedo constrainthe pilot to re-
questcurrentairportconditions airportforecastsandwinds
aloft forecastsandto setprogramparametergaurally Some
examplesentencethegrammaracceptsnclude

shav areacurrentweatherassymbols

shav routeforecastasiconsat15 30 zulu
hideroutewindsaloft

saywindsat Palo Alto

sayforecastisibility for Monterg/ at 18 hundred
setdisplaytypetoicon

shav trendinformationfor Stocktonasicon

AWE canrespondo thepilot’sdirectivesby eithergraphi-
calfeedbacKfor show hide or setcommandspr auralfeed-
back(for saycommands)We choseanimplicit confirmation
strategyy for auralfeedbackAWE doesnot explicitly askthe
pilot "Did you say...?"andthenwait for a yesor no before
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answering Ratherit providesa succinctanswerto a query
but alsoprovidesenoughcontext sothe pilot knows the re-

guestwas understoodcorrectly If the pilot detectsthat an
incorrectquestionis beingansweredhe would reissuethe
query justashewould if he werespeakingo a Flight Ser

vice Stationspecialistwho misunderstanda queryissued
overtheaircraftradio. We feel thisis justifiedbecaus@&WE

providesanswergo queries.Therefore a recognitionerror
resultsin a delayin the pilot gettingthe information,but is

otherwiseharmless.

6. Summary and FutureWork

AWE (Aviation WeatherData VisualizationEnvironment)
hasbeentailor designedo suit the needsof generalavia-
tion pilots. It focusedon the gapsfound in other aviation
weathewisualizationsystemdy providing displaysrelated
to METARSs, TAFs, and winds aloft display Our previous
userstudywith pilots resultedin usefulfeedbackaboutthe
usability of AWE.

In this work, we have provided additionalfunctionality
basedon the pilots’ feedbackIn particular we have made
several enhancement weatherinformationdisplaysand
addeda speech-basagserinterface.Our next stepis to con-
ductanothewuserstudyto determinevhetherourimplemen-
tationof theseadditionalfeaturessatisfiegilots’ needs.

Wethenplanto furtherenhanc@WE to incorporatenore
situationalawarenessin its currentimplementation AWE
reliesonthepilot to determinavhichareaof thechartto look
at. It would be usefulto automaticallyobtain an aircraft’s
currentpositionandusethatto provide only relevantdatato
the pilot. We will accomplishthis by interfacingto a GPS
unit.

Finally, to furtherdecrease pilot’s workload,we will en-
hanceAWE to take theinitiative in providing informationit
determinesnay be of useto the pilot. For instancewhen
new weatherupdatesarereceved, AWE canautomatically
look for inconsistenciebetweertheforecastandthe evolv-
ing conditionslf it detectsary unexpectedconditionsjt can
spontaneouslwarnthepilot. Of courseall thedatawill also
beavailableto the pilot for his own exploration.

AWE alreadyprovides useful functionality to help a pi-
lot maintain an awarenessof the weathersituation. With
plannedfuture functionality he will be able to maintain
weathersituationalawarenesawith further reducedwork-
load.
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